ABSTRACT The distribution of ingested stable, lipophilic environmental pollutants in dams and their transfer to fetuses and sucklings were investigated in rats fed a diet containing a small amount (35.1 nmol/100 g diet) of hexachlorobenzene (HCB). In the first experiment, we examined the distribution of HCB in pregnant and nursing rats fed the HCB diet during pregnancy and lactation. Its transfer to their sucklings was also studied. On d 16 after parturition, HCB concentrations in the blood, and subcutaneous and perirenal fat of nursing rats fed the HCB diet during pregnancy and lactation were approximately 1/3.5, 1/15 and 1/2.8, respectively, those of pregnant rats fed the HCB diet only during pregnancy. On the other hand, the HCB concentrations in the blood, and subcutaneous and perirenal fat of sucklings were approximately 6, 29 and 15 times higher than those of their dams. Therefore, a large amount of HCB apparently was transferred from dams to suckling pups through the milk. In the second experiment, we fed dams the HCB diet only during pregnancy and determined the distribution of HCB in the pregnant rats and fetuses as well as in the nursing rats and suckling pups. The estimated amount of HCB transferred from a dam to her fetuses corresponded to about 0.39% of her total intake during pregnancy. The amount of HCB detected in nursing rats on d 16 after parturition was much smaller than that in the pregnant rats, suggesting that a large proportion of the HCB that accumulated during pregnancy disappeared from the organs and fat tissues during lactation. The HCB concentration in the stomach contents of suckling pups fed by the dams who had consumed HCB before parturition was highest on d 2 after birth and decreased gradually during the 16 d after birth. In the blood, liver and fat tissues of suckling rats, the HCB concentrations increased until 7 d after birth and then decreased gradually. We conclude that the HCB that accumulated in dams during pregnancy was transferred to their suckling pups through milk in the early days after birth.
Many organochlorine chemicals such as pesticides, herbipollutants in rat dams exposed to a very small amount of cides and their intermediate products are widely distributed in hexachlorobenzene (HCB) 4 and its transfer to their fetuses the global ecosystem (Miyata 1993) . People are regularly exand suckling pups. In this experiment, we used HCB as an posed to these substances, especially through consumption of example of a stable lipophilic environmental pollutant. We meat and milk (Paul 1993) . After absorption, these chemicals examined its transfer from maternal organs to the F 1 generation tend to accumulate in fat tissue and are retained for a long animals at various stages of the prenatal and early postnatal time without being metabolized (Philips et al. 1989, Yakusiji periods. In Japan, pentachloronitrobenzene (PCNB) and penet al. 1984) . Substantial amounts of such chemicals are found tachlorophenol (PCP), but not HCB, have been used in agriin human milk (Morita et al. 1975 , Rogan et al. 1986 , Wolff culture as pesticides. HCB is a by-product obtained during the 1983).
production of these and other widely used pesticides and has Although placental and milk-mediated transfer of these been found as a contaminant in chlorinated pesticides (Kucher stable lipophilic chemicals to fetuses and suckling offspring is et al. 1969) . It is a stable chlorinated hydrocarbon and has an important route of exposure in humans, detailed data on been detected in the placenta, maternal blood, milk and cord tissue distribution and mother-fetus/suckling transfer of these blood of humans (Ando et al. 1985) . Chronic administration chemicals are still sparse. The present study was performed to of HCB to animals results in a disturbance of porphyrin metabinvestigate the distribution of stable lipophilic environmental olism, hepatic degeneration and lipid peroxidation (Besten et 649 TRANSFER OF HEXACHLOROBENZENE TO SUCKLING RATS Diet 2) during pregnancy and killed on the day before parturition.
TABLE 1
Groups 2 (n Å 3) and 3 (n Å 4) received the HCB diet during pregnancy and group 4 (n Å 4) was fed the diet without HCB. This Composition of the experimental diets diet was fed to all three groups during lactation. Within 24 h of birth, litters were culled to 10 pups each and the litters of dams in groups 3 and 4 were switched. Therefore, pups of dams in group 4 were not Ingredient Diet 1 1 Diet 2 2 exposed to HCB prenatally but were exposed postnatally by nursing dams who had been fed the HCB diet during pregnancy. On the g/100 g diet contrary, the pups of dams in group 3 were exposed to HCB only prenatally; they nursed dams who had never been exposed to HCB. Analytical methods. Blood (0.2-3 mL) was mixed with 1-5 mL distilled water. Organs were homogenized with 4 volumes of water.
AIN (1977). 2 AIN (1993).
HCB in the samples was extracted with n-hexane. To extract HCB, fat tissues were homogenized with 25 volumes of n-hexane. The nhexane extracts were centrifuged at 600 1 g for 5 min. The n-hexane al. 1993 , Carlson and Tardiff 1976 , Courtney et al. 1976 ).
layer was concentrated if necessary and was cleaned by florisil column Besten et al. (1993) reported that female rats receiving a diet chromatography (0.5 g florisil layer on 0.2 g Na 2 SO 4 ). The column containing 0.03% HCB had significantly increased hepatic was eluted with 5 mL n-hexane. The eluate was evaporated and its porphyrin accumulation and urinary porphyrin excretion from volume was appropriately adjusted with n-hexane. HCB was analyzed using a Hitachi 663-30 gas chromatograph with an electron capture the 4th wk. However, rats treated with 0.015% HCB did not detector (Hitachi, Tokyo, Japan). The column (3 mm 1 3 m) packed show these effects during the 4th wk but showed very slight with 5% OV-210 coated on Gas Chrom Q was used at a column increases after 10 wk. In the present experiment, pregnant rats temperature of 250ЊC with 50 mL/min N 2 as carrier gas. were treated with the minimum level of HCB (35.1 nmol/100 Statistical analysis. Data are presented as individual group means g diet, 10 mg/100 g diet) that would subsequently produce { SEM. Differences in mean values between groups were tested by a detectable organ concentration of HCB. Therefore, it was using Mann-Whitney's rank test for unpaired measurements in Experexpected that the biological effect of HCB on the dams and iment 1 (Yonezawa et al. 1988) . Statistical analysis was conducted newborns would be very weak. In this paper, we will describe by one-way ANOVA or, as in the case of time response curves, by the distribution of HCB in the organs of pregnant and nursing two-way ANOVA in Experiment 2. Differences in mean values between groups were tested by using Duncan's multiple range test, and rats as well as its transfer to the fetuses through the placenta the Kruskal-Wallis test for unequal variance in Table 5 (Yonezawa and to suckling pups through the milk. et al. 1988 ). The differences were considered significant at P õ 0.05. The Yukmus computer program (Yukmus, Tokyo, Japan) was used
MATERIALS AND METHODS
for statistical analysis of the data. Materials. HCB was purchased from Tokyo Kasei Kogyo (Tokyo,
RESULTS
Japan) and recrystallized three times by methanol (purity 99%). Other chemicals were purchased from Wako Pure Chemical (Osaka, Japan).
Experiment 1. The number of animals and final body
Diet components were purchased from Oriental Yeast (Tokyo, Japan).
weights of dams, fetuses and suckling pups are shown in TaAnimals and diets. Pregnant Sprague-Dawley rats were used in ble 2. these experiments. Sperm-positive rats (10-wk old) were commercially obtained from Japan Clea (Tokyo, Japan) on d 2 of pregnancy.
TABLE 2
They were housed individually in plastic cages in a room kept at a constant temperature (23 { 1ЊC) and illuminated according to a Body weights of pregnant and lactating rats fed the diet 12-h light:dark cycle; rats were fed an experimental diet without or with HCB (35.1 nmol/100 g diet). The composition of the diet is containing hexachrolobenzene at 35.1 nmol/100 g diet and shown in Table 1 . Five pregnant rats used in Experiment 1 were those of fetuses and suckling pups in Experiment 1 1 supplied with Diet 1 and fourteen pregnant rats used in Experiment 2 were supplied with Diet 2. The diet containing HCB was prepared
Rats
Body weight by dissolving HCB (3.5 mol/L ethanol) in soybean oil. Rats were given free access to diet and distilled water. Dams and sucklings were n g weighed and daily food intake was measured at least four times weekly during the experimental period. removed from each rat.
3 On d 16 after parturition.
Experiment 2. Fourteen pregnant rats were used in this experi-4 Number of fetuses of two pregnant rats (11 / 15). 5 Number of suckling pups of three nursing rats (15 / 14 / 14).
ment. Group 1 (n Å 3) was fed the diet containing HCB ( 3 in the perirenal fat weight was observed among the three suckling groups.
Concentration of hexachlorobenzene (HCB) in the blood and
The HCB concentration was highest in the fat tissue and was probably due to contamination of these diets by HCB. Possible transfer of HCB from dams to fetuses was investigated using pregnant rats fed the HCB diet from d 2 of pregAlthough the pregnant and nursing rats were fed the same nancy to the day before parturition (group 1). The HCB con-HCB diet, the HCB concentration in the blood of pregnant centrations in the carcass, liver and brain of the fetuses were rats on the day before parturition was about 2.5 times higher lower than that in the blood of their dams ( Table 5 ) and than that of nursing rats on d 16 after parturition (Table 3) . placentas ( Table 6 ) (P õ 0.05). Within the fetus, the HCB On the other hand, the HCB concentration in the blood of concentration was lowest in the brain (P õ 0.05). Given an suckling pups was 6.3 times higher than that of their dams.
average body weight of the fetuses of 4.2 g, an average litter Because many organochlorine chemicals are most concensize of eleven (Table 4) , and an HCB concentration in the trated in fat tissue, we compared the HCB concentrations in fetus carcass of 10.13 pmol/g, the estimated amount of HCB the fat tissues between mothers and their sucklings. The HCB transferred from a dam to her litter was about 468 pmol (43 concentration in the subcutaneous and perirenal fat tissues of pmol per fetus). Based on the food intake of pregnant rats pregnant rats was about 14 and 1.8 times higher respectively, from d 2 of pregnancy to the day before parturition of 343 { than that of lactating rats, and the concentration in the subcu-21 g, the intake of HCB from diet was 120 { 7 nmol. Theretaneous and perirenal fat of suckling pups was about 29 and fore, the amount of HCB transferred to the fetuses was esti-15 times higher, respectively, than that of their dams. Theremated to be about 0.39% of the amount consumed by the fore, we concluded that a large portion of the HCB that had dam. accumulated in dams during the pregnancy and nursing periods
To study the transfer of HCB accumulated during pregwas transferred to their suckling pups.
nancy from dams to their suckling pups through milk, the Experiment 2. On the day before parturition, the body concentration of HCB in the stomach contents, blood, liver weight of dams was 339 { 15.2 g (n Å 10) in those fed the and subcutaneous fat of suckling pups on d 2, 7, 11 and 16 HCB diet and 348 { 9.8 g (n Å 4) in those ingesting the diet after birth were determined (Fig. 1) . On d 2 after birth, the without HCB. Food intake from d 2 of pregnancy to the day HCB concentration in the stomach contents was higher in before parturition was 326 { 17 g in the pregnant rats fed the the suckling pups fed by the dams exposed to HCB during HCB diet and 320 { 13 g in those fed the diet without HCB.
pregnancy than in those fed by the dams who had not been Therefore, there were no significant differences in body weight exposed to HCB (P õ 0.05). However, the concentration and food intake between the pregnant rats fed the diets with decreased gradually during the postnatal days and finally and without HCB.
reached the same level as in the suckling pups fed by nonexThe mean body weight of pregnant rats was naturally higher posed dams. On d 2 after birth, a small amount of HCB was than that of three nursing groups (Table 4 ; P õ 0.05). Howdetected in the stomach contents of suckling pups that had ever, no significant differences in body weight were observed postnatally received milk from nonexposed dams. In this examong the three lactating groups. Perirenal fat weight of the periment, the litters were exchanged 24 h after birth, between pregnant group was significantly higher than that of the three the dams having ingested the HCB diet and those having nursing groups (P õ 0.05), but there were no significant differingested the HCB-free diet during pregnancy. Therefore, the ences among the nursing groups. No significant differences in small amount of HCB found in the stomach contents of the liver, kidney or brain weight were observed among the four suckling pups fed by the dams having ingested the HCB-free groups.
diet was due to the contaminated milk from the dams who In suckling pups on d 16 after birth, the body weight and fed them for the first hour. On d 2 after birth, the HCB brain weight of the group exposed to HCB both prenatally and concentration in blood of the suckling pups exposed to HCB postnatally were significantly lower than those of the groups both prenatally and postnatally was higher than that of suckexposed only prenatally or postnatally (P õ 0.05) ( Table 4) . ling pups exposed either prenatally or postnatally (P õ 0.05), The liver weight of the group exposed to HCB both prenatally and postnatally was significantly lower than that of the group but decreased gradually during the 16 d after birth. concentration of the suckling pups exposed to HCB only to HCB both prenatally and postnatally had the highest concentration of HCB, whereas those exposed to HCB only postpostnatally increased for 7 d after birth and then decreased gradually. However, in those exposed to HCB only prenatally, natally had an intermediate value, and those exposed to HCB only prenatally had the lowest value on d 7 after birth. In the concentration decreased gradually after birth. The hepatic HCB concentration was higher in the suckling pups the three groups, the concentrations decreased gradually during the 16 d after birth. exposed to HCB both prenatally and postnatally than in those of the other two groups on d 2 after birth. The hepatic From these results, we conclude that the HCB that accumulated in dams during pregnancy was transferred to their suckconcentration decreased gradually during the 16 d after birth. The HCB concentration of the suckling pups exposed only ling pups during the early lactation period. postnatally increased during the 7 d after birth and then DISCUSSION decreased gradually. However, in those exposed to HCB only prenatally, the concentration decreased gradually after birth.
Small amounts of organochlorine compounds including HCB, benzenehexachloride (BHC), 1,1-(2,2,2-trichloroIn terms of subcutaneous fat tissue, the suckling pups exposed et al. 1985 , Hashimoto et al. 1995 , Quinby et al. 1965 , Savage et al. 1981 , Wickizer et al. 1981 ). Because of their lipophilic nature, these compounds accumulate in human fat tissue and may be excreted in human milk during lactation. The transfer of these environmental pollutants from pregnant women to their infants is clearly a public health concern. It has already been reported that the concentration of these pollutants in human milk decreased during the transition stage from colostrum to ripe human milk and the levels in human milk decreased from the first to the second child (Fürst et al. 1989) . From these results, the authors suggested that lactation appeared to be an excretion process of these pollutants for mothers. These results were confirmed by several studies in rats and monkeys treated with HCB, polychlorinated biphenyl (PCB) or PCDF (Ando et al. 1985 , Hagenmaier et al. 1990 , Krowke et al. 1990 , Takagi et al. 1976 ). As described above, on d 2 after birth, a large amount of HCB was detected in the stomach contents of suckling pups fed by the dams that had ingested the HCB diet during pregnancy only (Fig. 1) . On the contrary, HCB concentrations in the organs and fat tissue of nursing rats exposed to HCB during pregnancy were remarkably low on d 16 after parturition, and nursing rats fed the HCB (Table 3) and HCB-free (Table 5) diets showed lower HCB concentrations than pregnant rats. Results of these studies show that a greater portion of HCB in the dams was ingested by suckling pups through milk in the early days after birth. Because HCB concentrations were higher in suckling pups than their dams fed the HCB diet during pregnancy and lactation (Table 3) , we concluded that a large amount of HCB in the whole body of nursing rats was transferred to and accumulated by suckling pups. In suckling pups, the highest concentration of HCB was found in the fat tissue. About 0.39% of HCB ingested by dams was estimated to be transferred to fetuses. Prenatal transfer to the fetuses was FIGURE 1 Concentrations of hexachlorobenzene (HCB) in the stomach contents, blood, liver and subcutaneous fat tissue of suckvery small, but a large amount of HCB was transferred from ling pups exposed to HCB both prenatally and postnatally, or either dams to their sucklings through milk, resulting in rapid disappostnatally or prenatally. On d 2, 7 and 11 after birth, one suckling pearance of HCB from dams during lactation. Abbott et al.
pup from each litter of 3 or 4 dams was killed (both prenatally and (1968) and Quinby et al. (1965) reported that chlorinated postnatally, n Å 3; either postnatally or prenatally, n Å 4). On d 16 compounds were detected in fat tissue of stillborn infants.
after birth, the remaining suckling pups were killed (both prenatally This result suggests that fetuses are also exposed to lipophilic and postnatally, n Å 21; either postnatally or prenatally, n Å 28). chlorinated compounds passing through the placental barrier.
The blood, stomach, liver and subcutaneous fat tissue were re-HCB is stable and metabolized very slowly through a well- HCB to PCP and to tetrachlorohydroquinone (TCBQ) (Van restricted diet Ichikawa 1990, Umegaki et al. 1993) . We also observed that metabolism and excretion of Ommen et al. 1989 ). The report suggested that HCB, similarly to dexamethazone, induced cytochrome P-450 3A in rats (Beslipophilic PeCB were markedly greater in rats fed a diet containing either fish oil or viscous dietary fiber than in rats fed ten et al. 1991). However, HCB is lipophilic and tends to accumulate and be retained in fat tissue for a long time without control diets (Ikegami et al. 1991 and 1994 , Umegaki et al. 1995 . We concluded that this enhanced metabolism and exbeing metabolized. Rozman et al. (1977 Rozman et al. ( , 1981 Rozman et al. ( and 1983 reported that the whole body half-life of HCB was Ç3 mo in cretion of PeCB were due to the small mass of fat tissue that resulted from these treatments. This findings support the idea rats and 2.5-3 y in rhesus monkeys. In our study in which 10-wk-old nonpregnant female rats were fed a diet containing that the large amount of HCB transferred from dams to suckling pups, which had very small amounts of fat tissue, was HCB at 31.5 nmol/100 g diet for 2 wk, the HCB concentrations in the epididymal fat tissue and blood were 2.64 { 0.25 excreted immediately and rapidly after birth.
In conclusion, our study strongly suggests that although nmol/g and 5.65 { 1.36 nmol/L, respectively (n Å 6). After the HCB-free diet was given for the subsequent 4 wk, the prenatal transfer of HCB to rat fetuses was very small, a great portion of the HCB that accumulated in dams during pregcorresponding concentrations were 1.48 { 0.15 nmol/g and 5.26 { 1.45 nmol/L, respectively (n Å 6) (unpublished data).
nancy was postnatally transferred to suckling pups through milk immediately after birth. Further study will be required to Thus, a 44% decrease in the HCB concentration in the epididymal fat tissue was observed after 4 wk of HCB withdrawal.
clarify the mechanisms which accelerate the metabolism and excretion of lipophilic environmental pollutants and depress In the blood, however, no significant decrease was observed after the 4 wk. Because HCB is excreted very slowly, we contheir accumulation in the body during pregnancy and lactation. cluded that the HCB that had accumulated in dams during pregnancy was transferred to their suckling pups rather than metabolized by the dams or it was excreted in milk. To avoid LITERATURE CITED harmful effects of HCB to dams and newborns, we used a dose and accumulation of these pollutants in breast-fed infants.
Food Chem. 17: 1237-1240.
It has been reported that food restriction or starvation may 
